Activation of Glycogen Synthase Kinase-3 Mediates the Olfactory Deficit-Induced Hippocampal Impairments.
The populations with olfactory dysfunction show an increased chance for hippocampus-dependent episodic memory deficit. Although it is known that the olfactory information projects to the hippocampus through entorhinal cortex layer II, the molecular mechanisms linking olfactory deficit to the hippocampus is not understood. Using bilateral olfactory bulbectomy (OBX) as a model, we found that OBX induced memory deficits with activation of several memory-related protein kinases in the hippocampal extracts, including glycogen synthase kinase-3β (GSK-3β), protein kinase A (PKA), extracellular-signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), phosphatidylinositol-3-kinase (PI3K), and protein kinase B (PKB). The OBX rats also show suppression of long-term potentiation (LTP); reduction of synapsin I, synaptophysin, NR2A/B, and PSD95; thinner presynaptic active zone and postsynaptic density with enlarged synaptic space; decreased spine numbers and mushroom-type spines; and tau hyperphosphorylation. After injection of SB216763 for several weeks by vena caudalis, selective inhibition of GSK-3β ameliorated the OBX-induced memory deficits with recovery of the synaptic components and tau phosphorylation. Furthermore, genetic ablation of GSK-3β by lentivirus-packed shRNA effectively rescued the memory deficits, synaptic disorder, and tauopathy. Our data indicate that GSK-3 activation mediates the olfactory deficits to the hippocampus, and targeting GSK-3 blocks the pathological connection.